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(54) Expression monitoring of downstream genes in the BRCAI Pathway 



(57) Analysis of the genes whose expression is 
affected by BRCA1 has identified a set of genes, each 
of which is up- or down-regulated by BRCA1. Each of 
these genes, alone or in groups, can be used to 
determine the mutational status of a BRCA1 gene, to 
determine whether a particular allelic variant affects 
BRCA1 function, to diagnose neoplasia, and to help 
identify candidate drugs which may be useful as anti- 
neoplastic agents. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] Many biological functions are accomplished by altering the expression of various genes through 
transcriptional (e.g. through control of initiation, provision of RNA precursors, RNA processing, etc.) and/or 
translational control. For example, fundamental biological processes such as cell cycle, cell differentiation and 
cell death, are often characterized by variations in the expression levels of groups of genes. 

[0002] Gene expression is also associated with pathogenesis. For example, the lack of sufficient expression of 
functional tumor suppressor genes and/or the over expression of oncogene/protooncogenes could lead to 
10 tumorigenesis (Marshall, Cell, 64: 313-326 (1991); Weinberg, Science, 254: 1138-1146 (1991), incorporated herein by 
reference for all purposes). Thus, changes in the expression levels of particular genes (e.g. oncogenes or tumor 
suppressors) serve as signposts for the presence and progression of various diseases. 

[0003] BRCA1 encodes a tumor suppressor gene that is mutated in the germline of women with genetic 
predisposition to breast and ovarian cancer. Germline mutations are found in approximately half of breast-ovarian 
cancer pedigrees and in -10% of women with early onset of breast cancer, irrespective of family history. Most 
15 mutations result in premature protein truncation and as predicted heterozygous germline mutations show reduction to 
homozygosity (LOH) within tumor specimens. However, somatic inactivation of BRCA1 is uncommon in sporadic breast 
cancer, pointing to potentially distinct genetic mechanisms. 

[0004] Functional properties of BRCA1 have been inferred from its pattern of subnuclear localization. During S 
phase, endogenous BRCA1 is present within nuclear dots that are colocalized with RAD51, the mammalian homolog 

20 of bacterial recA, involved in homologous recombination and the repair of double-strand breaks in DNA following 
ionizing radiation. BRCA1 and RAD51 are also colocalized during meiosis, a process that involves programmed 
homologous recombination and in which both BRCA1 and RAD51 proteins are found along unsynapsed chromosomes. 
BRCA1 is also colocalized with the product of the second breast cancer predisposition gene, BRCA2, whose role in the 
maintenance of chromosomal integrity is suggested by analysis of mice with a partial loss of function phenotype. 
Consistent with a potential role in the repair of DNA damage, treatment of cultured cells with ionizing radiation 

25 leads to the hyperphosphorylation of BRCA1 and the disappearance of BRCA1 nuclear dots. 

[0005] In addition to its potential role in homologous recombination, BRCA1 demonstrates properties of a 
transcription factor or cofactor. Protein purification studies have shown that it coelutes with the RNA polymerase 
II holoenzyme complex and interacts with RNA helicase, consistent with its involvement in some aspect of 
transcriptional regulation. The C-terminal domain of BRCA1 mediates transcriptional activation when fused to a 
heterologous DNA binding domain, and a potential target promoter is that of the cyclin-dependent kinase inhibitor 

30 p21. In transient transfection assays, BRCA1 mediates transcriptional activation of the p21 promoter, through a site 
that is distinct from that implicated in its regulation by p53. However, BRCA1 has also been shown to enhance p53- 
mdiated activation of the p21 promoter in transient transfection assays, suggesting that this effect may have both 
p53 dependent and independent components. 

[0006] Recently, a defect in transcription-coupled repair of oxidative, but not UV-induced DNA damage has been 
35 demonstrated in mouse embryo fibroblasts with attenuated BRCA1 function. BRCA1 has therefore, been implicated in 
three distinct functional pathways, namely RAD51 -dependent homologous recombination, transcriptional activation of 
p21, and transcription-coupled repair of oxidative DNA damage. The physiological significance of these properties 
and their implications for the function of BRCA1 as a tumor suppressor gene remain to be defined. 
[0007] Definitive studies of BRCA1 function have been hampered by the absence of BRCA1-null cell lines and the 
difficulty in achieving stable expression of a transfected full length cDNA, Cells stably transfected with a 
40 truncated BRCA1 construct lacking the large central exon 11 undergo accelerated apoptosis following serum 
withdrawal, while retroviral infection using a 5' truncated BRCA1 construct encoding a protein of 190 kD that lacks 
the N terminal ring domain, inhibits colony formation. Analysis of thymidine incorporation in transiently 
transfected cells has suggested a block in S phase entry, associated with induction of p21. 

[0008] Thus there is a need in the art for information on the functional properties of BRCA1 and its effect on 
endogenous target genes. Because of the important role of BRCA1 in inherited breast and ovarian cancers, such 
information can be useful diagnostically as well as in developing new generations of therapeutic agents. 



SUMMARY OF THE INVENTION 



[0009] It is an object of the invention to provide a method for detecting a BRCA 1 gene functional mutation in 
target cells. 

[0010] It is another object of the invention to provide an in-cell functional assay for a BRCA1 sequence alteration. 
[0011] It is still another object of the invention to provide a computer assisted method for detecting a 
mutation in a target BRCA1 gene. 

[0012] It is yet another object of the invention to provide a method of diagnosing neoplasia. 

[0013] It is another object of the invention to provide a method of identifying potential anti-cancer drugs. 

[0014] These objects of the invention are provided by one or more of the embodiments described below. In one 

embodiment of the invention, a method for detecting a BRCA1 gene functional mutation in target cells is provided. 

The method comprises detecting expression of a plurality of down-stream genes of BRCA1 in a sample of (a) target 
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cells, and (b) reference cells having a wild-type BRCA1 gene. The reference cells are h othe _^e substantially 
similar to the target cells. The down-stream genes are up- or down-regulated by the wild-type BRCA1 1 gene. The 
exp Lion of the down-stream genes in the target cells and the reference cells are compared A Mvence in the 
expression belween the target cells and reference cells suggests a BRCA1 functional mutation in the target cells. 
[00151 According to another embodiment of the invention, an in-cell functional assay for a BRCA1 sequence 
5 alteration is provided The assay comprises detecting expression of a plurality of BRCA1 cell! 
taraet sample from target cells having a BRCA1 sequence alteration and in a reference sample from reference cells 
Eg a^^type BRCA1 gene. The reference cells are otherwise substantially similar to the^ target cells^ The down- 
S genes Ire up- or down-regulated by wild-type BRCA1 gene. The expression in the target sample is compared to 
the expTession in the reference sample. A difference in the expression belween the two samples suggests that the 
BRCA1 sequence alteration affects the biological function of BRCA1. 

[0016] According to still another aspect of the invention, a method is provided for detecting a mutation in a 
target BRCA1 gene using a computer. Wild-type expression data of a plurality of down-stream genes in a ^pe 
Simple Containing a wild-type BRCA1 gene is input into a computer. The down-stream genes are transcriptional^ 
requSed by he wild-type * BRCA1 gene. Target expression data of the plurality of down-s ream genes in a target 
samptcolningleSget BRCA1 gene is also input into the computer. The target j^^**"™" data 

15 are compared by the computer to determine differences. Differences suggest a mutation in the target BRCA1 gene. 

100171 In yet another embodiment of the invention a method of diagnosing neoplasia of a test cell is provided. A 
transcription indicator of a test cell is hybridfced to a set of nucleic acid probes^ The transition indicator is 
selected from the group consisting of mRNA, cDNA and cRNA. The set of nucleic acid probes comprises a plurality o 
nucle ^c acrmolec 9 uleseach of which is a portion of a gene which is activated by or repressed by - BRCA1 Amount of 
transcription indicator which hybridize to each of the set of nucleic acid probes are determined. A test cell is 

2" Sed I as neoplastic if (1) hybridization of the transcription indicator of the test cell to a probe which is a 
BRCA1 activated gene is lower than hybridization using a transcription indicator from a normal ceH or (2) 
hybridization of the transcription indicator of the test cell to a probe which a BRCA1 -repressed gene s higher than 
hybridization using a transcription indicator from a normal cell. itAmnniinH . 

[0018] In another embodiment of the invention, potential anti-cancer drugs are identified. A test compound is 

« contacted with a human cell. Expression of a plurality of BRCA1 regulated genes is monitored^ A test compound «s 

25 idenS aTa potential anti-cancer drug if it increases expression of a BRCA1 up-regulated gene or decreases 
expression of a BRCA1 down-regulated gene in the human cell. 

[0019] In still another aspect of the invention a method is provided for detecting a BRCA gene functional 
mutation in target cells. Expression is detected of a down-stream gene of BRCA1 in a sample of (a) ta rget cell s and 
(b) reference cells having a wild-type BRCA1 gene. The reference cells are. °* e ™* e ^ ATF3 Jun eT 

30 taraet cells The down-stream gene is selected from the group consisting of gadd45, histone H4, EGR1 , Al Jun-ts, 
^^^O^trkWrU^ (TTP), Gem GTPase, Br140, R12810, PM-sci75, ARD1, ^»*™**%> 
amDhireaulin TR3 orphan receptor (NAK1 ), fibroblast activating protem-a, IL4 receptor a, R41997 hbi^u, 
KXS'Nucleotide binding protein, Pim-1 Pigf, GF14Q, Mki67a and prothymosin-a. The expression of the down- 
stream genes in the target cells and the reference cells are compared. A difference in the expression between the 
tarqet cells and reference cells suggests a BRCA1 functional mutation in the target cells. 
35 [0020] In still another embodiment of the invention an in-cell functional assay for a BRCA1 sequence alteration 
\s provided. Expression is detected of a down-stream BRCA1 -regulated gene selected I from i the group ' wnartng of 
aadd45 histone H4 EGR1 ATF3, Jun-B, Rev-Erb a, Etr101, A20, tristetraproline (TTP), Gem GTPase, Br140, R12810, 
PM-sSs, ARD1, hepatic leukemia factor, amphiregulin. TR3, orphan receptor (NAK1) fibroblast activating prote,n-a 
IL4 receptor a R41997, H81220, KIAAA0027, Nucleotide binding protein, Pim-1. Pigf GF14Q Mki67a and 
prothymosin-a i'n a target sample from target cells having a BRCA1 sequence alteration and in a reference sample 
40 from reference cells having a wild-type BRCA1. gene The reference cells are otherwise substantially similar to the 
arget cefs The Expression in the target sample is compared to the expression in the reference sample A 
difference in the expression between the two samples suggests that the BRCA1 sequence alteration affects the 
biological function of BRCA1. * *• ■ 

[0021] According to another aspect of the invention, a method is provided for detecting a mutation in a target 
45 BRCA1 gene using a computer. Wild-type expression data of a down-stream gene in a wild-type i sample con teining i a 
wild-type BRCA1 gene is input into the computer. The down-stream gene ,s tra f nscr 'P«^^ 
tvDe BRCA1 oene The down-stream gene is selected from the group consisting of gadd45, histone H4 EEGR1, AT F3 , 
J^^En/EWoTA20. tristetraproline (TTP), Gem GTPase, Br140, R12810, PM^S, ARD1 hepatic 
leukemia factor amphiregulin, TR3, orphan receptor (NAK1), fibroblast activating protein-a, IL4 receptor a, R41997, 
H81220 WAAA0027 Nucleotide binding protein, Pim-1, Pigf, GF14Q, Mki67a and prothymosin-^ Target expresson 
50 S I \S^Z stream gene in a target sample containing the target BRCA1 gene is ; ateo input into jthe computer 
The target and wild-type expression data are compared to determine differences. Such differences suggest a mutation 
in the target BRCA1 gene. .. A 

[00221 Another embodiment of the invention provides a method of diagnosing neoplasia of a test cell. A 
transcription indicator of a test cell is hybridized to a nucleic acid probe. The transcription indicator is 
selected Tfrom the group consisting of mRNA; cDNA and cRNA. The nucleic acid probe comprises a nuceic acid 
65 mdecute whTcr Ms a portion of a gene which is activated by or repressed by BRCA1 . The gene is selected from the 
group consisting ^ of g P add45, histone H4, EGR1, ATF3, Jun-B, Rev-Erb «, Etr101, A20 tnatetraprohnc . fTTP K Gem 
GTPase, Brl40, R12810, PM-scl75, ARD1, hepatic leukemia factor, amphiregulin, TR3, orphan receptor (NAM), 
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fibroblast activating protein-a, IL4 receptor a, R41997, H81220, KIAAA0027, Nucleotide binding protein P.m-1 Pigf, 
GF14Q Mki67a and prothymosin-a. Amounts of transcription indicator which hybridize to the nucleic acid probe are 
detected. A test cell is identified as neoplastic if (1) hybridization of the transcription indicator of the test 
cell to the probe is lower than hybridization using a transcription indicator from a normal cell, or [Z) 
hybridization of the transcription indicator of the test cell to the probe is higher than hybridization using a 

5 transcription indicator from a normal cell. Another embodiment of the invention provides a method of identifying 
anti-cancer drugs. According to the method, a test compound is contacted with a human ceH. Expression is monitored 
of a BRCA1 -downstream gene selected from the group consisting of gadd45, histone H4 EGR1, ATF3, Jun-d, Kev- 
Erb a, Etr101, A20, tristetraproline (TTP), Gem GTPase, Br140, R12810, PM-sc175, ARD , hepatc 'f^em.a factor, 
amphiregulin TR3, orphan receptor (NAK1), fibroblast activating protein-a, IL4 receptor a, R41997, H81220, 
KIAAA0027 Nucleotide binding protein, Pim-1, Pigf, GF14Q, Mki67a and prothymosin-a. A test compound is 

10 identified as a potential anti-cancer drug if it increases expression of a BRCA1 up-regulated gene or decreases 
expression of a BRCA1 down-regulated gene in the human cell. 

[0023] According to another embodiment of the invention, a method of diagnosing neoplasia of a test cell is 
provided. Expression is detected in a test cell of a plurality of genes which are activated by or repressed by 
BRCA1 A test cell is identified as neoplastic if (1) expression of at least one of said BRCA1 -activated genes is 
15 lower in the test cell than expression in a normal cell, or (2) expression of at least one of said BRCA1 -repressed 
genes is higher than expression in a normal cell. 

[0024] In yet another embodiment of the invention a method is provided for diagnosing neoplasia of a test ceil. 
Expression is detected in a test cell of a gene which is activated by or repressed by BRCA1 . The gene is selected 
from the group consisting of gadd45, histone H4, EGR1, ATF3, Jun-B, Rev-Erb a, Etr101 A20, tr.stetraprol.ne TTP , 
Gem GTPase Br140 R12810, PM-scl75, ARD1, hepatic leukemia factor, amphiregulin, TR3, orphan receptor (NAK1), 
20 fibroblast activating protein-a, IL4 receptor a, R41997, H81220, KIAAA0027, Nucleotide binding protein Pim-1 Pigf 
GF14Q Mki67a and prothymosin-a. A test cell is identified as neoplastic if (1) expression of a BRCA1 -activated 
gene in the test cell is lower than expression of the gene in a normal cell, or (2) expression of a BRCA1 -repressed 
gene in the test cell is higher than expression in a normal cell. 

[0025] This invention thus provides the art with methods useful for cancer related analysis, diagnosis and 
research In some of its specific applications, this invention provides methods for detecting mutations of upstream 
BRCA1 genes by monitoring the expression of down-stream genes. In some embodiments, gene expression monitoring 
is used to determine function of an allele of a BRCA1 gene by monitoring expression of its down-stream regulated 
genes. Similar embodiments use gene expression to discern the effect of specific mutations of BRCA1 genes. Gene 
expression is also used to identify potential anti-neoplastic agents in some embodiments. 



25 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

Figure 1: Inducible expression of BRCA1. 

35 ( F jg U re 1A) Northern blot analysis of total cellular RNA from U20S cells and derived lines with inducible 

expression of BRCA1 , UBR60 and UBR60mt (mutant), and from the MDA435-derived cells MBR62 grown i in 
the presence of tetracycline and 24 hrs after tetracycline withdrawal, and probed with BRCA1 cDNA 
(nucleotides 2 436 to 4,058). The endogenous transcript is denoted by an asterisk; inducible full length 
BRCA1 is labeled by an arrowhead, along with smaller mRNA species, most of which are not polyadenylated. 
Blots were reprobed with GAPDH (loading control) 

40 

(Figure 1B) Immunoblotting analysis of BRCA1 immunoprecipitates, showing tightly regulated inducible 
expression of the full length protein in UBR60 and MBR62 cells and of the truncated mutant in UBR60mt cells. 
The 12-CA-5 antibody directed against the synthetic HA N-terminal epitope, was used to probe cellular 
lysates immunoprecipitated using either the C-terminal antibody C20 (for full length BRCA1) or the N- 
terminal antibody D20 (for the truncated product). The C20 antibody is known to also recognize an epitope 
45 within the epidermal growth factor receptor, but this cross-reactivity is no longer of concern when combined 

with immunoblotting using antibody to the HA-epitope. 

(Figure 1C) Immunofluorescence analysis of UBR60 cells grown in the presence or absence of tetracycline. 
Antibody MS 13 recognizes both endogenous and inducible BRCA1, making it possible to demonstrate cellular 
so heterogeneity in expression levels of the inducible construct. Hoechst staining is shown to demonstrate 

primarily nuclear staining of BRCA1. 

(Figure 1D) Northern blot analysis showing restoration of BRCA1 expression by 5-azacytidine treatment of 
cells that had lost inducible expression following prolonged growth in the presence of tetracycline. 
Presumptive methylation of the inducible promoter directing BRCA1 expression contributes to cellular 
55 heterogeneity of inducible expression in UBR60 cells. 
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Figure 2: Induction of cell death by BRCA1: p53-independence and inhibition by bc!2 

(Figure 2A) Inhibition of colony formation by wild-type BRCA1. Colony formation by UBR60 cells (wild-type 
p53), UBR60-E6 (UBR60 cells expressing stably transfected HPV E6; see Fig. 2D), and MBR62 (mutant p53), 
following growth in the presence or absence of tetracycline. As a control, UBR60-mt ceils are shown, 
expressing inducible BRCA1 encoding a stop codon in exon 11. Plates were stained after 14 days in culture, 
and colony numbers are expressed as percent of controls. Standard deviations are given. 

(Figure 2B) Loss of BRCA1 -expressing cells following withdrawal of tetracycline. Northern blot demonstrating 
the time course of BRCA1 expression following tetracycline withdrawal in UBR60, MBR62, UBR60-bcl2 
10 (UBR60 cells expressing stably transfected bcl2 ; see Fig. 2D), and UBR60-mt cells. Due to the dramatic 

increase in BRCA1 expression in UBR60-bcl2 cells, a 4hr exposure is shown, compared with a 24 hr exposure 
for UBR60, MBR62 and UBR60-mt cells. The endogenous BRCA1 transcript (asterisk) is shown, along with the 
full length inducible transcript and a shortened non-polyadenylated inducible species (arrowheads), and 
GAPDH (loading control). 

15 (Figure 2C) Persistence of inducible BRCA1 protein expression in UBR60-bcl2 compared with parental UBR60 

cells. Equal amounts of cellular lysates from these two cell lines, grown in the presence or absence (24 hrs) 
of tetracycline, immunoprecipitated with antibody C20 and analyzed by Western blot using antibody 12-CA-5, 
directed against the HA epitope. 

(Figure 2D) Immunoblot of UBR60-bcl2 cells to demonstrate expression of the stably transfected CMV-driven 
20 bcl2. Northern blot of UBR60-E6 cells showing expression of the stably transfected HPV16 E6, and p21- 

immunoblot of UBR60-E6 cells to demonstrate the reduction in p21 expression, following disruption of the 
endogenous p53 pathway. 
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Figure 3: Activation of JNK/SAPK by BRCA1 



(Figure 3A) Endogenous INK/SAPK was immunoprecipitated from UBR60-bcl2 cells grown in the presence or 
absence (24hrs) of tetracycline, and used to phosphorylate bacterially produced c-jun. Western blotting is 
shown to demonstrate comparable amounts of the immunoprecipitated kinase (JNK). For comparison, 
JNK/SAPK activity is shown following treatment of cells with uv-irradiation, the most potent known inducer 
30 of the stress kinase pathway. 

(Figure 3B) Absence of JNK/SAPK activation associated with p53-mediated apoptosis. U20S cells stably 
expressing a temperature-sensitive p53 (tsp53) were cultured for 18hrs at the permissive temperature (32°C). 
Marked apoptosis is observed after 24hrs. 

35 (Figure 3C) Absence of BRCA1 -mediated activation of the MAP kinase pathway. Western blot analysis of 

cellular lysates from UBR60-bcl2 cells, grown in the presence or absence (24hrs) of tetracycline, using 
antibody against p42 and p44 MAK kinase (Erk1 and Erk2) and the catalytically activated, Tyr204 
phosphorylated forms. 

40 Figure 4: Inhibition of BRCA1 -mediated apoptosis by a dominant negative SEK1 mutant 

(Figure 4A) Growth curve of UBR60-bcl2 cells and their derivatives with constitutive expression of the 
dominant negative SEK1 mutant (UBR60-bcl2-dnSEK cells), in the presence of tetracycline or following 
induction of BRCA1 expression. Viable cells were counted and standard deviations are given 

45 (Figure 4B) Northern blot analysis of UBR60-bcl2 and UBR60-bcl2-dnSEK cells to demonstrate expression of 

endogenous SEK1 and the transfected dominant negative mutant (dnSEKI), unaltered inducible expression of 
BRCA1 and GADD45 in these two cell lines following tetracycline withdrawal. Loading control: GAPDH. 

(Figure 4C) Initiation of apoptosis in *UBR60-bcl2 cells 48 hrs following tetracycline withdrawal, 
so demonstrated by PARP cleavage and (Figure 4D) Tunel assay. Expression of bcl2 in these cells delayed the 

onset of apoptosis, facilitating its demonstration. 

(Figure 4E) Delayed cell cycle progression following induction of BRCA1 in cells with constitutive 
expression of the dominant negative SEK1 mutant, demonstrated by FACS analysis of cells stained for DNA 
content using propidium iodide. 



(Figure 4F) Large cell morphology and positive staining of UBR-bcl2-dnSEK cells for the b-galactosidase 
senescence marker, 96 hrs following withdrawal of tetracycline. 
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Figure 5: Fluorescence images of oligonucleotide arrays hybridized w*h RNA from cdls with inducible BRCA1 



expression 



(Figure 5A) Pseudocolored fluorescence ^^j^*** SjWSSS *S£SS< 
UBR60-bc,2 ceils hybrid*ing). The arrayed 
oS^clS ^ZS%b££ itse 9 .! are'highlighted by yellow arrows. 

(Figure 5B) High-magnification fluorescence SSi^SS 
and EGR1 over a timecourse of BRCA1 induction (0 t 24 hrs J«9 Kja y n mateh ,. 
indicates fold change in expression versus baseline ^ me ^ 0 ^jJr^J^ e Line interrogated, and five 
oligonucleotides (top row of each panel), which complementary to the ^^^f^S^perfect match 
"mismatch" oligonucleotides (b°ttom row of each pane^^^^ ^ mdeQMe 

Figure 6: Identification of candidate BRCA1 targets by hybridization to oligonucleotide arrays 
(Figure 6A) Summary of re^s from hyb~ 

sequences. Labeled RNA probes derived from UBR60-bc u ! ^® 9 r ° wn Fo , d induction by northern 

Sal's ITS! f^VSSSSS&S^S?^*** - ^ »« 

induction by northern blotting are listed. 

candidate BRCA1 targets. 
Figure 7: Induction of GADD45 by BRCA1 

shown in Fig 2B. 

presence or absence of tetracycline. 
DETAILED DESCRIPTION OF THE INVENTION 

,0027] To address the functional properties of BRCA1 and examine Js 
developed cells in which a tightly regulated ind ^'*^^^^ 

Forced expression of BRCA1 in these eel Is following inducible 

which JNK/SAPK signaling was f^l^^ a small number of genes exhibiting 

XfdZS BRCA1 targets, the DMA damage responsive 

ind by the absence of ceone^ 

the overexpression of p53 and p21 in BRCA1 -nun emoryos^ n* u ' dditi f aenetic alterations. Similarly, constitutive 



(Shao et a., 1996; Hott et a.., 1996). The 

ceLxpressing full length^ be modulated by protein 

can only provide a simplistic model of te P^MJ "Sns (Wu et al, 1996; Ruffner and Verma 1997; 
phosphorylation and possible interactions «*jhjr ^jg^SSSmSi* of tumor suppressors, such as P 53, as 
Scully etal., 1997c; Thomas etal., 997). However f genes and potential functional pathways (El- 

Marquis et al., 1 995). . , alterpri eyDress j on 0 f other p53 target genes, including p21 , 

[0029] In contrast to GADD45, we have not observed ^r* JTom p i « a BRCA1 may 

following inducible expression of BRCA1 . * s ™*<^^ this promoter (Ouichi 

directly induce the p21 promoter (Somasundaram * ^ 1997) o ^ 0 P^ a JJ js P of B RCA1-null embryos, suggesting 
et al., 1998), whereas increased expression .of p21 was *™J™ 1997- Ludwig et al., 1997). Our observations 
an antagonistic relationship ^^^ en ^ ^ fe |^ci^ed with a physiological effect on the endogenous 

suggest that the effect of BRCA1 on the P 21 promoters not as s ° c ' ate ™ a B P R ^ Al in a the resp onse to DNA damage 
gene, at least in the cell lines that we ^™£^S2!o? K ? J BRCAI-null embryos is likely to be an 
Lggests that the activation of p53 ^"f^JJ^^A similar interpretation has been proposed for 
indirect result from the accumulation of 9^ wSch w ATM (Westphal ct al., 1 997a and b). 

the activation of P 53 in cells lacking other s.gnal ,njr J£?J t expression profiling using oligonucleotide arrays 
[0030] The identification of downstream targe^ ts f BRCA1 Jjgj^^ 9 for individual gene products 
demonstrates the potential utilrty of this strategy _^t^ 0 ^ n BRCM mly not by itself recapitulate te 
(Lockhart et al., 1996, Wodicka et al., 199 ^ "P^JJ,, 0 ^ this system facilitates the detection of 
physiological activation, afthough the «gnal "^^"JSSJS Sg « oppression model and SAGE, a 
target genes. Target genes for p53 and APC nav ?^?^"' a ^J, A teas (V elculescu et al., 1995; Hermeking et al., 
strateg? that requires sequencing large "^^SJ^^fiffiS expression profiling affords high- 
1997; Polyak et al., 1998; He et al., 19998). B> '^^°^°'. aUses in yea st have been reported using 
throughput analysis of *pe»m«*JZ^ associated with differen 

oligonucleotide arrays, allowmg the demons* ation 9 ™ ^ Cho et al ., 199 8; Gray et 

growth conditions, fle™«^ ta ^™ nd * a £^^ to show large differences in expression 

al., 1998). Similar comparisons in mammali an cebhwW " P r ^ c (Sout hern, 1996). Our observations now 
patterns between different tissues, and between normal ^"^SJaS targets for an individual gene product, 
demonstrate the application of this approach to ^^S^^TasJLr number of genes and of lower 
This analysis requires the ^^^J^^S^SS^r experiments indicate that many potentia 
magnitude than for comparison bt ^ / ^^^S^'^H^ blotting, supporting the accuracy of 
BRCA1 targets registered by oligonucleotide anayswer • JJgJJJJ 0 y ^ gnal 

this technique. In most cases, ^repanc.es were ^J^^™ djscordant resu |ts. Monitoring the time 
although in some cases, inter-replicate variation^ may have comnDue |ts denved from multiple expenmental 

course of target gene induction fo»™ngBRCA ofs?3c downstream targets. As more complex 

35 replicates, appear to be ta valuab e strategy for the ide ntific ation 0 sp [q ^ a|| k 

Z^^^^^^^ aPPr0aCh6S ^ ^ deVe,0Pm6n 

in the art. Any expression product can ^"^^^^^ZSZ RT-PCR, Northern blotting, hybridization 
ffltfflMfttiisff Techniques for monitoring and detecting 
protein include immunoblotting, enzyme assays ^^^^ of expression of one or more downstream 
[0032] The methods of the present invention can employ detection m be monitored or a single 

genes of BRCA1. These may toup^ of genes can be statistical* 

of the genes may provide sufficiently reliable '^™^JJ e d r 2JJ l ^ 8 0 f BRCA1. Particular genes which are 
treated and/or combined to arrive at an accurate asse^ here. A 

downstream of BRCA1 are identified in F « u »^^^^^ "^^b^RCAI pattern indicates a functional 
change in expression of one or more d °* a ™ ^ Some mutations in BRCA1 may 

alteration in BRCA1, such as a mutation which f^Jf^JIJ^^n^utatory role, 
not affect function at all. Other mutations may not affect BRCA1 « [ X '™*™f™^ bc jn magnitudft Even small changes, 
5, [0033] Changes in the expression of downstream gene ^.^i ^TcSaSge In BRCA1 status. However, 
50 such as ±50%, can be sufficient if the ^J^^^SS^Tm less sensitive. Thus a cut-off can be 

wffl^wa^W *»«*»• thirty - fo,d ' and m ' M 

the cut-off threshold is raised, fewer «*7^^^JJ2T1 B those which are known to have wild-type 
[0034] Reference or control samples, according to the ^™on are inos compound . Appropriate 

55 I B RCA1, those known to be non-neoplastic ^or J«^^ n J ff ln c ^^S^ d ino on the purpose of the 
reference or control samples can be ready sheeted ^J^*"^™ re er ence sample will be substantially 

<=5o^» Thus the *" samp,es being compared 
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9e ste X BRCAi n m uta ti ons have been found to be correlated «Hh familial breast and ovarian cancer detection 



ovarian cancer cell. 
I. Definitions 



Srr'SSiS^The term "perfect me,,* probe" ri. » a probe ft. has a eeobenc, ,ha, » 
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KiT* SSS^Th. Mm -fluartW when used In the context of quantifying tranacnption lev* of. 

lequences for comparison may be conducted by the local ^SSJS^iSfj S? Ta43 (1970^ oy 
iWaV 2: 482 (1981), by the homology ^^^^fi*^^ K 2444 W by cornputeLd 

K ninflU aS ofne^rreflected by the acuity of Ks product(s): the proteins or other mo.ecules 
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encoded by the gene. Those product molecules perform biological functions. Directly mea su ring th e ; activty of a gene 
nroduct is however often difficult for certain genes. Instead, the immunological activities or the amount of the 
fi P a? productS or peptide processing intermediates are determined as a measurement ^gE^-gj 
frequently, the amount or activity of intermediates, such as transcripts, RNA processing intermediates, or mature 
mRNAs are detected as a measurement of gene activity. 

[0056] In many cases, the form and function of the final produces) of a gene ,s unknown In those cases he 
activity of a gene is measured conveniently by the amount or activity of transcript^ RNA processing 
intermediate(s), mature mRNA(s) or its protein produces) or functional activity of its P^ uct J>; enfe Qf m& 

[0057] Any methods that measure the activity of a gene are useful for a least some embodiments of this 
invention For example, traditional Northern blotting and hybridization, nuclease protection, RT- PCR and 
differential display have been used for detecting gene activity. Those methods are useful for some embodiments of 
^ZSbXJSS, tS invention is most useful in conjunction with methods for detecting the expression of a 

£r mbe High e d n e e nsity arrays are particularly useful for monitoring the expression control at the transcriptional, 
RNA processing an" degradation level. The fabrication and application of high density arrays in gene expression 
moL'rinrhave'been Sosed previously in, for example, WO 97/10365, WC > 92/10588 ■ U-SJW£5^{£ 
08/772 376 filed December 23, 1996; serial number 08/529,115 filed on September 15 1 995; serial number 0W168 «M 
filed December 15 1993; serial number 07/624,1 14 filed on December 6, 1990, serial number 07/362,901 filed June 7 
qqo r^co Dorated herein for all purposed by reference. In some embodiment using high density arrays high 
leSty oligonTcSde ar ajs ^^nthesfeed using methods such as the Ve,y Large Scale ImmoMzed Polymer 
SvnfhLte SlPS disclosed in U S Pat. No. 5,445,934 incorporated herein for all purposes by reference. Each 
olSnucleo^ on a substrate. A nucleic acid target sample is hybndzed with a high 

t^^^SS^lS^md then the amount of target nucleic acids hybrideed to e^proto in the ar 
is Quantified One preferred quantifying method is to use confocal microscope and fluorescent labels. The GeneChip® 
svsten! rKyS ^ Santa Clara, CA) is particularly suitable for quantifying the hybndrzation, however it will be 
a?pSnt to Sose'cF skill in the art that any similar systems or other effectively equivalent detection methods can 

[oTsgr^^igh densrty arrays are surtable for quantifying a small variations in expression levels of e . gene ir . the 
presence of a large population of heterogeneous nucleic acids. Such high density arrays can be fabncated e her by 
*^t^Ui2 o'n a substrate or by spotting or transporting nucleic acid sequences onto 
substrate Nucleic acids are purified and/or isolated from biological materials such as a bactenal plasmrt 
conte n na a cloned segment of sequence of interest. Suitable nucleic acids are also produced by amplification of 
temSes 9 . As a nonlSg illustration, polymerase chain reaction, and/or in vrtro transcription, are surtable 

iK^lSttC^ arrays are particular* preferred for this invention. Oligonucleotide ^ 
have numerous advantages, as opposed to other methods, such as efficiency of production, reduced intra- and inter 
array variability, increased information content and high signal-to-noise ratio. m ,^ inn ~ mnrtee 

[0061] deferred high densrty arrays for gene function identification and gene tic network .mapping compr^e 
neater than about 100 preferably greater than about 1000, more preferably greater than about 16,000 and most 
?Smi^^'^^0o?&O,0ao or even greater than about 1,000,000 different oligonucleotide probes 
preferably in less than 1 cm 2 a of surface area. The oligonucleotide probes range from about 5 to about 50 or about 
50C I nucleotide^ more preferably from about 10 to about 40 nucleotide and most preferably from about 15 to about 40 
nucleotides in length. 

Massive Parallel Gene Expression Monitoring 

[0062] One preferred method for massive parallel gene expression mentoring is based upon high . density nucleic 
acid arrays. Nucleic acid array methods for monitoring gene expression are ^^« n n d J^f^i^ ,n PCT 
Application WO 092.1 0588 (published on June 25, 1992), all incorporated herein by reference for all purposes. 
Foo63] Generally those methods of monitoring gene expression invorve (a) providing a pool o 'to get nudac 
acids comprising RNA transcript(s) of one or more target gene(s). or nucleic acids derived from the RNAtransc p(s) 
b) hyb^S 9 the nuc^ic acid sample to a high densrty array of pro** and (c) detecting the jiybndized nucleic 
acids and calculating a relative and/or absolute expression (transcription, RNA processing or degradation) level. 

(A) Providing a Nucleic Acid Sample 

[0064] One of skill in the art will appreciate that it is desirable to have nucleic samples containing ) target 
nucleic acid seauences that reflect the transcripts of interest. Therefore, suitable nucleic acid sampes may 
Safn transcS ofTnteresl Suitable nucleic acid samples, however, may contain nucleic acids .derived I from , the 
traSpte of Eest. As used herein, a nucleic acid derived from a transcript refers to a nucleic acid for whose 
svnthe^the mRNA transcript or a subsequence thereof has ultimately served as a template. Thus, a cDNA ^reverse 
S3 1 from a transcript, an RNA transcribed from that cDNA, a DNA amplified from the cDNA. an RNA transenbed 
IZ f the ^ aSed DNA ete., are all derived from the transcript and detection of such derived products is 
Kative cTlh^nSe and* abundance of the original transcript in a sample. Thus surtable ™^mdud£ 
but are not limited to, transcripts of the gene or genes, cDNA reverse transenbed from the transenpt, cRNA 
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transcribed from the cDNA DNA amplified from the genes, RNA transcribed from amplified DNA, and the like 
JSSfl Transcripts, as used herein, may include, but not limited to pre-mRNA nascent transcript s) transcnp 
processing intermediates, mature mRNA(s) and degradation products. It is not, necessary r to J^^IP-J 
transcripts to practice this invention. For example, one may choose to practice the invention to measure the mature 

S leVelS |n n one embodiment, such sample is a homogenate of cells or tissues or other biology samples 
Preferably, such sample is a total RNA preparation of a biological sample. More preferably -in Mine ^.j,e^ «i* 
a nucleic acid sample is the total mRNA isolated from a biological sample. Those of skill in the art ml aPP rec '^ 
thai tft tote I.RNA prepared S most methods includes not only the mature mRNA but also the RNA process ng 
nttXates and nas'cent pre-mRNA transcripts. For example, total mRNA purified wrth a poly dT ) ^umn contains 
RNA molecules with poly (A) tails. Those polyA'a RNA molecules could be mature mRNA, RNA processing 
intermediates, nascent transcripts or degradation intermediates. . , lu th . 

S Biological samples may be of any biological tissue or fluid or cefe from any organism^ Frequent* the 
iamDle will be a "clinical sample" which is a sample derived from a patient. Clinical samples provide a rich source 
of information regardSh?various states of genetic network or gene expression. Some embodiments of the invention 
a e Soved t ^ dS mutations and to identify the phenotype of mutations. Such embod.ments haye extensive 
applications in clinfcal d^a and clinical studies" Typical clinical samples indude, but are not limited to 
sSum bfood blood cells (e.g., white cells), tissue or fine needle biopsy samples, unne, peritoneal flu id and 
pEfluid or cells therefrom Biological samples may also include sections of tissues, such as frozen sections 
or formalin fixed sections taken for histological purposes. 

[0068] Another typical source of biological samples are cell curtures where gene expression states can be 
manipulated to explore the relationship among genes. In one aspect of the invention, methods are provided to 
generate biological samples reflecting a wide variety of states of the genetic network^ 

[0069] One of skill in the art would appreciate that it is desirable to inhibit or destroy RNas » preeentm 
homoqenates before homogenates can be used for hybridization. Methods of inhibrting or destroying nuclease* are we« 
En in S art n some preferred embodiments, cells or tissues are homogenized in the presence of chaotjopic 
agente to inhibrt nuclease. In some other embodiments, RNase is inhibited or destroyed by heat treatment followed by 

SOTO] 356 So* of isolating total mRNA are also well known to those of skill in the art For sample methods of 
Kation and purification of nucleic acids are described in detail in Chapter 3 of Laboratory Tec h mquesin ^em'sUy 
a°d rZllcula Biology: Hybridization With Nucleic Acid Probes, Part I. Theory and Nucleic ^'^fff£- P v . 
THssen ed I Elsevier NY. (1993) and Chapter 3 ofLaborafo/y Techniques m Biochemistry and Molecuter Biology. 
WrldizaL ^^ Theory and Nucleic Acid Preparat,on, P. Tijssen, ed. Elsevier, N.Y. 

[0071?' In a preferred embodiment, the total RNA is isolated from a given sample using, for example, an acid 

Vols 1-3 Cold Spring Harbor Laboratory, (1989), or Current Protocols in Molecular Biology, F. Ausubel ef ai, ed. 
Greene Publishing and Wiley-lnterscience, New York (1987)) u^i^tinn of okill in 

[0072] Frequently, it is desirable to amplrfy the nucleic acid sample pnor to hybridization. One of skj in 
he art will appelate that whatever amplification method is used, if a quantitative result is desired car .must 
be taken to use a method that maintains or controls for the relative frequencies of the amplified nucle.c adds to 
achieve quantitative amplification. pvamnle 
[0073] Methods of "quantitative" amplification are well known to those of skill in the art. For exa mple 
Quantitative PCR involves simultaneously co-amplifying a known quantity of a control sequence using the same 
J S T^SS^iS^ standard that may be used to calibrate the PCR : rejrttot The high densrty array 
may then include probes specific to the internal standard for quantification of the amplified nucleic acid. 
K One preferred internal standard is a synthetic AW106 cRNA. The AW106 cRNA . , combined I wrth RNA 
solated from the sample according to standard techniques known to those of skilled in the art The ™A is then 

eve se t ^^anscribed using a reverse transcriptase to provide copy DNA. The cDNA sequences are then amphfied \{e.g 
b^PCR ^ usTlabeled 9 primers. The amplification P^»»^^ttffl»SS 
amount of radioactivity (proportional to the amount of amplified product ) d«ed The "^^iS^iled 
samDle is then calculated by comparison with the signal produced by the known AW106 > RNA ,. sta ^ . „fi If 
SSoToh to quantitative PCR are provided in PCR Protocols, A Guide to Methods and Apphcabons. Innis ef 
a/.. Academic Press, Inc. N.Y., (1990). „k a i„ /prm 

[0075] Other surtable amplification methods include, but are not limrted to polymerase chain reaction (PCR) 

Innis et ai. PCR Protocols. A guide to Methods and Application^ Academic Press Inc San CNe go (1 _990)) I gase 
chain reaction (LCR) (see Wu and Wallace, Genomics, 4: 560 (1989), Landegren, et ai, Sc ence 241 1 °77 <1988) and 
Bar ker, et ai, Gene. 89: 117 (1990), transcription amplication (Kwoh et «L, 

(1989)). and self-sustained sequence replication (Guatelli, ef ai, Proc. Nat. Acad. Sci. USA, 87.1874 (1990) . 
[0076 Cell lysates or tissue homogenates often contain a number of inhibrtors of polymerase ^Mtyjherefore^ 
RT-PCR typically incorporates preliminary steps to isolate total RNA or mRNA for subsequent use as an ampliation 
template. A one-tube mRNA capture method may be used to prepare , poMA)** . RNA ^^^^'J^J; 
RT-PCR in the same tube (Boehringer Mannheim). The captured mRNA can be directly subjected to RT-PCR by adding 
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a reverse transcription mix and, subsequently a PCR mix^ transcribed with a reverse 

[0077] In a particularly preferred ^^^^S the phage T7 promoter to provide single 
transcriptase and a primer consisting of ohgo dT) * nd Q ^ synthesis of double- 

stranded DNA template. The second P ^ ^ ^ 2n R N A fransc ri bed fro m the cDNA template. Successive rounds o 
stranded cDNA, T7 RNA polymerase is added and RNA '| ^.^^a °Kethods of in vitro polymerization are well 
transcription from each single cDNA template ^^^SsleX^ method is described in detail by Van 
known to those of skill in the art . (see j e g. Sa^o^^^a^™ ^ ^ gm m d , ng 

monitoring even where biological samples are limited transcription method described above 

[0078] It will be appreciated by one n P UC | eic acid, the oligonucleotide 

provides an antisense (aRNA) ^-^v^^J^^S^J** of the antisense nucleic acids. 

dS^ed^ 9CidS ^ "* ^ ^ anfe6nSe 

Sf The protocols cited above include methods ^ra«n^ 

ndeed, one approach can be used to generate erther ^^T^S^^ KS « P ha 9 emid) SUCh ** L iS 

loxP plasmid subdoningfsee e.g., Palazzolo et a/., Gene, 88. 25-36 (1990)). 
(B) Hybridizing nucleic acids to high density arrays 
1. Probe design 

[0080, One of skill in the art wi„ appreciate that an enormous number of array designs are ff WjJbMh. 
BS. I* K SSs cTJft f K « eSient:^ J include one or more 

SSq Pr0b The high density array chip includes .est P^*^^ S 
about 5 to about 45 or 5 to about 500 nude °Wes more prc ^ 7 a rtcularty preferred embodiments the probes 
preferably from about 15 to about 40 nuc eotides in length. p ™ CU i pr are double or single strand DNA 
are 20 or 25 nucleotides in length. In ^^S^SSS^S^ of amplffied from nature sources using nature 
35 sequences. DNA sequences are isolated. o " ^ n ^^ c J m l J^Si ny to particular subsequences of the genes 

ss ^rc^^s^^ ^ = " r ° bes Je capab,e of specffica,,y hyb 9 

target nucleic acid they are to detect , ■ acid(s x of interest, the high density array can 

[0082] .n addition to test probes that b.nd ^th ^^^J^^. referred to herein as 1) 

- noSza^on^^ that are comp ,ementa, to .abeled 

[0083] Normalization controls are o gonuclec ^ ^* ". ud * S nucleic acid sample. The signals 
'reference oligonucleotides or other •^•^^nSJf SJ*T. control for variations in hybridization 
obtained from the normalization controls after j^ r ^ on ( P^! ia 5, at may cause the signal of a perfect 
conditions, label intensity, "reading" efficiency J^ m £ h ^^ intensity) read from all 

ssiavfflis— « from *• contro1 probes thereby 

efficiency varies with base compositor , and probe ^i^^^SZS^l to cover a range of lengths, 
average length of the other probes present ^^^°^\^Zge) base composition of the other probes in 
The normalization control(s) can «^ •J*** * fofa few normafeation probes are used and they are selected 
the array, however in a pre erred n ^>^ 

such that t^eyhybridee well (/.e. no secondary structure) ana ||y C onstitutively expressed genes in 

[0085] Expression level controls are probes that hybwtee sp ectficaHy ™t con » expression level 
!he biological sample. VirtuaHy ^toSe^ 

^ed Ty s^ p - Jn gene ' the transferrin receptor 9ene> 

EST ""^'Sr* may also be provided for the probes to the target genes, for expres.cn level control 
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orfor no— controls. ^^^^^S^^^ ^ 
to their corresponding test or control probes exc ept for the 'V^*^^^ t0 tne corresponding base in the 
[0087] A mismatched base is a base *^***£t SwXIon? or more mismatches are selected such 
target sequence to which the probe would ^^■P'^'J^n^ons) the test or control probe would be 
that under appropriate hybridization condtorw (e* snngent ^ n ™j w nrt (or wouW hybrids to a 

expected to hybridfce with its target sequence, 1 ^ the m^aten ^°° e * h Th y for examp i e , where a probe 
significantly lesser extent). Preferred m.smartch p "^^^uS^ except for a single base mismatch (e.g.. 
is a 20 mer, a corresponding mismat ch J^£^*££^ A J£ central mismatch). . 
substituting a G, a C or a T for an A) at any of P os *°" s ^ ttir °" 9 ' ' ^ bjndj or cross . hy bridization to a nucle.c acd 
[0088] Mismatch probes thus prov.de a conftol for non-sp J^"*^ ^ ^ tnus indicat e whether a 
n the sample other than the target to which *e^* » dj* J*J^™» P rfect match probes should be 
hybridization is specific or not. Fo example . the Jf is a1| P c r ^ tra , misrn atahes are present the misma ch 
consistently brighter than the ^ mismatch probes^ I { a ^ e the erfect matc h and the mismatch 

probes can be used to detect a mu ; atl0n c ^ e o f f h e ; e ^ hybridized material. The high density array 

nrobe (l(PM)-l(MM)) provides a good measure of the co^f" 1 ^' 0 " y ,„ _ robes that are complementary to 

sample preparation/amplification c0 ^ol Pro^^^^ in vitro transcription, etc.;. 

acids caused by processing steps (e^g. PCR, ever ®®!X^ nrobes in the high densrty array are selected to bind 
[0090] In a preferred embodiment oligonuceoh de | robes jn ^"Jf n Vspecrfic binding or cross- 
specifically to the nucleic acid target to which they _ are directed wrth m. d ^ Qf 

regions of the sample genome. Similarly, o her P*^™W™yn y ^ ^ probes) Th a 

conditions (e.g., due to secondary str ucture , or ^^"J™, hybridization efficiency are identified and may 
30 tt&ffSX «*deS ^Wti?***'™** of the array) or ,n the post- 

SpT^n^Stt a preferred embodiment ~ -"^^ £ 
and expression (transcription) level of ^Z^%tS^ levef of "JSlSK-nd to one hundred thousand 
would be useful to identify the presence, absence, " «£^ n fc 2£ d 7 n a pre ferred embodiment, it » desired to 
genes. Because the number of oligonucleotides per array is ™^ jst0 P be detected . 

fnclude only a limrted set of probes specific : tc , each gene whose WJ^J ^ ^ 2Q or 25 nucleotide are 
[0093] As disclosed in U.S. Application Ser. No. I ° ff ^ 0 m p , tnere is a set of probes that performs 

Sufficient to hybrid- tc , a su ? equ en ce of ^ n 5j^ ln Tpr5^^m«l. it .'desirable to choose 

Sefer^ 

2. Forming High Density Arrays 

[0094] Methods of forming high density arrays of £—^£2: SXtiETZX* 

minimal number of synthetic steps are Known. The ol gonucleo ™^ ^ ^ and mechanical* 
substrate by a variety of methods, mc hiding , bu "° l ^J^g gj also PCT Application No. WO 90/15070) and 
directed coupling. See P.rrung of ^^^^-^o'^S and US Ser. No. 07/980.523 which disclose 
Fodor et al., PCT Publication Nos. WO <^^ n a ™£° and Xr molecules using, for example, light-directed 

PCT 'patent publication Nos. WO 90/1507 J and Serial N °' ° 8/ ° 82 ' 
combinatorial synthesis and screening of comb natonal '^^^"^Se^be. that can be used to check or 
Z&T&Tc^^ftt^X and to detect the presence of a nucleic acd 
^■r^^rS^b^ synthes, of oligonucleotide arrays on a glass surface 
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proceeds using automated phosphoramidite cnern^ and ^ ^TOTSi'p 

glass surface is derivatized with a silane WJ^f"*"^ a % f n 2wh 0 gSmask is used selectively to expose 
blocked by a photolabile protecting group. Ph0 ^ *™^ h n _%^^ D SK tod nucleoside phosphoramidfes. The 
functional groups which are then ready to react with '"^"^^Pj^^ed by removal of the photolabile 
phosphoramidites react only with those srtes which are ^'^^.JSiSJ exposed from the preceding step. 
5 blocking group). Thus, the , phosp horamid, °rtyad d to JSS^TSS^ SStiM on the solid surface. 

Srring'nX^ to nucleic acids w*h high Specify, and are 

considered "oligonucleotide analogues" for purposes of tnis d '^ sur ^ be used t0 gener ate an array of 

15 [0098] In addition to the foregoing, additional methods ^ich can " ™ 9 filed Novemb er 20, 

oligonucleotides on a single substrate are ' d ^^ disclosed in 

1992, and 07/796,243, filed November 22, 1991 an i ^^"^1°-^ fl^g within a channel defined on 
these applications, reagents are delivered to the substrate by 8 photoresist. However, other 

predefined regions or (2) "spotting" on P red ^ ed n ^n a may be employed In each instance, certain activated 

HT* TS^ow channel" method applied to the "^vn^ 

generally be described as follows. Diverse P°'V"£^ flow or in 

solid support by forming flow channels on l^^^^^^VSti bound to the substrate in a first 
25 which appropriate reagents are placed. For example H^the surfacl of the substrate in all or a part of the 
group of selected regions. If necessary, al or part of fl ^e. s n u ^ a n c n e ro ^ at ^%a ae ; ts tnrough a |l or some of the 

30 directly or indirectly (via a spacer) in the first selected W] 8 - gm ^ 

[0100] Thereafter, a monomer B is coupled to second selected eg^n^some or which y h 

first selected regions. The second seated m Jte°SeoixLs^e- through opening or 

translation, rotation, or replacement of the channe block on , the ^ surace |f necessaiyi a step ,s 

closing a selected valve, or through *P«Jo of a ^^nomer B is flowed through or placed in the 

performed for activating at least the second regions .Thereafter, tne ™ n °™ particular example, the 

35 Lcond flow channel(s), binding monomer B « thes^d lognons f an(J AB Tne 

resulting sequences bound to the ^ substrate at his ^stage of 'J^^™^ , ocations H on the substrate. After 
process is repeated to form a vast array ^^^^J^ ^Sai^ monomer B can be flowed through 

washing and activation steps can be minimized. a | tern ative methods of forming channels or 

[0101] One of skill in the art ^ recognize that here are ™ fc gome embodime nts, a 

45 SS ^s^^r^^e flUg solufions are further prevented from 

P^^^^^.^^^^^^ be fab ricated by depositing presynthesized or natural nucleic acids 
[0102] High density nucleic acid arrays can be raDncaieoj oy ae P u a n j , ocations 0 f a substrate 

in predetermined positions. Synth*** or ^3^^^%Sr?^ n cir£ be directed to specific 
by light directed targeting and oligonucleotide *^ *g n i ^nSe a nucleic acid A can be delivered to and 
» Nations in much the same manner as the flow ^^ffiaSLed. Thereafter, a nucleic acid B 

coupled with a first group of reaction regions wteh ha» ^^SS^on». Nucleic adds arc deposited in 
can be delivered to and reacted with a second group o * J^^^!^ regi0 n to deposit nucleic acids in 
selected regions. Another embodiment uses a dispenser *at mow» ^^^^te acid £> the substrate and 
specific spots. Typical dispensers include a microp .petto or ca ^nMjto deiver nuc embodiments, 

- ^ar^ ~ or * pins ' or the ,ike 50 that 

larioufreagente can be delivered to the reaction regions simultaneously. 
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3. Hybridization 
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25 



0103] Nuclac acid hybridation 

where the probe and its complementary target can ^^l^^SJSa^ hybridized nucleic acids to be 
The nucleic acids that do not form hybrid du Pf<* s J re H lf p ^ that nuc , e ic acids 

5 detected, typically through detection of an attached detectable lab eL It « gJW rec g containing tne 

lower salt) successful hybridization requires fewer mismatches^ 

at increasingly highersfnngency (e ff . down to as low as 0 .25 X SSPE T * J ^ 10 ' such as formarn ide. 
15 hybridization specificity is obtained. Stringency can a J»* '"J"^* to the test probes with hybridization to 
Hybridization specficity may be eva.ua ed ^^^JSS 1 ^^^ mismatch controls, etc.). 

provides a signal intensity greater than read between each 

of altering the T m arises from the fact that aden.ne-thym.ne ^ hile the G-C duplexes 

duplexes, due in part to the facl tthat the A-T ^es h^ 2 ^ g 
have 3 hydrogen bonds per base pair. h«*«ro9f ~ U8 Sdte*™ to each oligonucleotide probe 
distribution of bases, it ,s not gen erally po ssi U e to opta^ B ^SSSSTd^hB G-C duplexes and/or to 
simultaneously. Thus, in some embedments rt • dwraWe to selective,^ ^» the bes 
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50 Tijssen, ed. Elsevier, N.Y., (1993)) 
(C) Signal Detection 
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transcription amplification, as described above, using a labeled nucleotide (e.g. fluorescein-labeled UTP and/or CTP) 
incorporates a label into the transcribed nucleic acids. ™„ „„ Kl4 mB w4 

[01121 Alternatively, a label may be added directly to the original nucleic acid sample (e.g., mRNA polyA mRNA, 
cDNA, etc.) or to the amplication product after the amplification is completed^ Means of attaching tabes to 
nucleic acids are well known to those of skill in the art and include, for example nick translation or endjabehng ag 

5 with a labeled RNA) by kinasing of the nucleic acid and subsequent attachment (ligation) of a nucleic acid linker 
joining the sample nucleic acid to a label (e.g., a fluorophore). ,^ t * Ma h „ 

[01131 Detectable labels suitable for use in the present invention include any composition detectable by 
spectroscopic photochemical, biochemical, immunochemical, electrical, optical or chemical means. Useful labels in 
the present invention include biotin for staining with labeled streptavidin conjugate, magnetic beads (e.g. 

10 Dynabeads™a), fluorescent dyes (e.g, fluorescein, texas red, rhodamine, green fluorescent protein, and the like) 
radiolabels (eg 3 aH, ^l^aS, 1 a4C, or 3 a2P), enzymes (e.g., horse radish peroxidase alkaline phosphatase and 
o^S commonly used in an ELISA), and colorimetric labels such as colloidal gold °r colored glass orpj-te <•*. 
polystyrene polypropylene, latex, etc.) beads. Patents teaching the use of such labels include U.S. Patent Nos. 3, 
817 837; 3,850,752; 3,939,350; 3,996,345; 4,277,437; 4,275,149; and 4,366,241. 

[01141 Means of detecting such labels are well known to those of skill in the art. Thus, for example 
15 radiolabels may be detected using photographic film or scintillation counters fluorescent markers may be ^detected 
using a photodetector to detect emitted light. Enzymatic labels are typically detected by providing the enzyme wrth 
a substrate and detecting the reaction product produced by the action of the enzyme or. the substrate and 
coforimS labels are detected by simply visualizing the colored label. One particular preferred methods uses 
colloidal gold label that can be detected by measuring scattered light. 

[01151 The label may be added to the target (sample) nucleic acid(s) prior to, or after the hybridization. So 
called "direct labels" are detectable labels that are directly attached to or incorporated into the target sample 
nucleic acid prior to hybridization. In contrast, so called "indirect labels" are joined to the hybrid dup ex after 
ySafon Often, the indirect label is attached to a binding moiety that has been attached to he targe nucleic 
acid prior to the hybridization. Thus, for example, the target nucleic acid may be biotmylated before the 
hybridization. After hybridization, an avidin-conjugated fluorophore will bind the biotin bearing hybnd duplexes 
pfovid ng a label that is easily detected. For a detailed review of methods of labeling nucleic ac ids and detecting 
labeled hybridized nucleic acids see Laboratory Techniques in Biochemistry and Molecular Biology, Vol 24. 
HybrldizalTS Nucleic Acid Probes, P. Tijssen, ed. Elsevier, N.Y, (1993)) Fluorescent labels are , preferred 
and easily added during an in vitro transcription reaction. In a preferred embodiment, fluorescein labeled UTP and CTP 
are incorporated into the RNA produced in an in vitro transcription reaction as desenbed above. 
[01161 Means of detecting labeled target (sample) nucleic acids hybridized to the probes of the high density 
30 array are known to those of skill in the art. Thus, for example, where a colorimetric label is used simple 
vLualization of the label is sufficient. Where a radioactive labeled probe is used, detection of the radiation (e.g. wrth 
ohotoqraphic film or a solid state detector) is sufficient. ..,.„. „ ♦ ■ „ nr t +h Q 

m a preferred embodiment, however, the target nucleic acids are labeled with a flu «^ h ^^ a "i*J 
localization of the label on the probe array is accomplished with fluorescent microscopy. The hybndzed a«ay is 
excited with a light source at the excitation wavelength of the particular fluorescent label and the resu ting 
35 fluorescence at the emission wavelength is detected. In a particularly preferred embodiment, the excitation light 
source is a laser appropriate for the excitation of the fluorescent label. 

[0117] The confocal microscope may be automated with a computer-controlled stage to automatically scan the 
entire high density array. Similarly, the microscope may be equipped with a phototransducer (e g., a photomul iplier 
a solid state array a CCD camera, etc.) attached to an automated data acquisition system to automatically record the 

40 fluorescence signal produced by hybridization to each oligonucleotide probe on the array. Such automated systems are 
described at length in U.S. Patent No: 5,143,854, PCT Application 20 92/10092, and copending U.S. Application Ser. 
No 08/195 889 filed on February 10, 1994. Use of laser illumination in conjunction with automated confoca 
Sroscopy'for signal detection permits detection at a resolution of better than about 100 , mo^re preferably 
better than about 50 urn, and most preferably better than about 25 urn. One of skill in the art will appreciate that 
methods for evaluating the hybridization results va>y with the nature of the specific probe nucleic ac.ds used as 

45 W eii as the controls provided. In the simplest embodiment, simple quantification of the fluorescence intens.ty for 
each probe is determined. This is accomplished simply by measuring probe signal strength at ea >ch locaton 
Representing a different probe) on the high density array (e.g., where the label is a fluorescent label, detection of 
he amount of florescence (intensity) produced by a fixed excitation illumination at each, location on the i array^ 
Comparison of the absolute intensities of an array hybridized to nucleic acids from a test sample wtt < nieces 
produced by a "control" sample provides a measure of the relative expression of the nucleic acids that hybndize to 

50 each of the probes. ... 
[0118] One of skill in the art, however, will appreciate that hybridization signals will vary in strength with 
efficiency of hybridization, the amount of label on the sample nucleic acid and the amount of the particular nucleic 
acdln the sample. Typically nucleic acids present at very low levels (e.g., < IpM) will show a very weak _s,gnaL 
At some low level of concentration, the signal becomes virtually indistinguishable from background, n evaluating 

55 the hybridization data, a threshold intensity value may be selected below which a signal is not counted as being 
essentially indistinguishable from background. 

[01191 Where it is desirable to detect nucleic acids expressed at lower levels, a lower threshold is chosen. 
Conversely, where only high expression levels are to be evaluated a higher threshold level is selected. In a 
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preferred embodiment, a suitable threshold is about 10% above that of the average background signal. In addition, 
the provision of appropriate controls permits a more detailed analysis that controls for variations in hybridization 
conditions, cell health, non-specific binding and the like. Thus, for example, in a preferred embodiment the 
hybridization array is provided with normalization controls. These normalization controls are probes complementary 
to control sequences added in a known concentration to the sample. Where the overall hybndizaton conditions are 

5 poor, the normalization controls will show a smaller signal reflecting reduced hybridization. Conversely ; where 
hybridization conditions are good, the normalization controls will provide a higher signal reflecting the improved 
hybridization. Normalization of the signal derived from other probes in the array to the normalization controls thus 
provides a control for variations in hybridization conditions. Typically, normalization is accomplished by dMding 
the measured signal from the other probes in the array by the average signal produced by the normalization controls^ 
Normafeation may also include correction for variations due to sample preparation and amplification. Such 

10 normalization may be accomplished by dividing the measured signal by the average signal from the sample 
preparation/amplification control probes (e.g., the Bio B probes). The resulting values may be multiplied by a constant 
value to scale the results. 

[01201 As indicated above, the high density array can include mismatch controls. In a preferred embodiment, 
there is a mismatch control having a central mismatch for every probe (except the normalization controls) in the 

, 5 array. It is expected that after washing in stringent conditions, where a perfect match would be expected to 
hybridize to the probe, but not to the mismatch, the signal from the mismatch controls should ony reflect non- 
specific binding or the presence in the sample of a nucleic acid that hybridizes with the mismatch^ Where botti the 
probe in question and its corresponding mismatch control both show high signals, or the mismatch shows a higher 
signal than its corresponding test probe, there is a problem with the hybridization and the signal from those probes 
is ignored The difference in hybridization signal intensity between the target specific probe and its corresponding 

20 mismatch control is a measure of the discrimination of the target-specific probe. Thus, in a preferred embodiment, 
the signal of the mismatch probe is subtracted from the signal from its corresponding test probe to provide a 
measure of the signal due to specific binding of the test probe. 

[0121] The concentration of a particular sequence can then be determined by measuring the signal intensity of 
each of the probes that bind specifically to that gene and normalizing to the normalization controls. Where the 
signal from the probes is greater than the mismatch, the mismatch is subtracted. Where the mismatch intensity is 

25 equal to or greater than its corresponding test probe, the signal is ignored. The expression level of a particular 
gene can then be scored by the number of positive signals (either absolute or above a threshold value) the 
intensity of the positive signals (either absolute or above a selected threshold value), or a combination of both 
metrics (e.g., a weighted average). • » r 

[01221 In some preferred embodiments, a computer system is used to compare the hybridization intensities of the 

,„ perfect match and mismatch probes of each pair. If the gene is expressed, the hybridization intensity (or affinity) 
of a perfect match probe of a pair should be recognizably higher than the corresponding mismatch probe. Generally 
if the hybridizations intensities of a pair of probes are substantially the same, it may indicate the gene is not 
expressed. However, the determination is not based on a single pair of probes, the determination of whether a gene 
is expressed is based on an analysis of many pairs of probes. 

[0123] After the system compares the hybridization intensity of the perfect match and mismatch probes, the 
35 system indicates expression of the gene. As an example, the system may indicate to a user that the gene is either 
present (expressed), marginal or absent (unexpressed). Specific procedures for data analysis is disclosed in U.S. 
Application 08/772,376, previously incorporated for all purposes. 

[0124] In addition to high density nucleic acid arrays, other methods are also useful for massive gene 

expression monitoring. Differential display, described by Liang, P. and Pardee A£ 

eukaryotic messenger RNA by means of the polymerase chain reaction. Science 257:967-971, 1992 incorporated 

40 herein by reference for all purposes) provides a useful mean for distinguishing gene expression between two samples. 
Serial analysis of gene expression, described by Velculescu et al. (Serial Analysis of Gene Expression. Science, 270: 
484-487 1995 incorporated herein by reference for all purposes) provides another method for quantitative ana 
qualitative analysis of gene expression. Optical fiber oligonucleotide sensors, described by Ferguson et aL (A 
Fiber-optic DNA biosensor microarray for the analysis of gene expression. Nature-Biotechnology 14:1681-1684, 1996), 

>= can also be used for gene expression monitoring. 

[0125] It is understood that the examples and embodiments described herein are for illustrative purposes only 
and that various modifications or changes in light thereof will be suggested to persons skilled in the art and are 
to be included within the spirit and purview of this application and scope of the appended claims. All publications, 
patents, and patent applications cited herein are hereby incorporated by reference for all purposes. 

50 EXAMPLES 

EXAMPLE 1. Inducible expression of BRCA1 

[0126] To study the functional properties of BRCA1, we established inducible, tetracyline-regulated expression 
(Gossen and Buiard, 1992) in two cell types: UBR60 cells, derived from the U20S osteosarcoma cell line and MBR62 
55 cells derived from the MDA435 breast cancer cell line. Northern and Western blot analyses in both cell Mines snowed 
tightly regulated induction of BRCA1 expression (Figure 1A, B). Low levels of endogenous 7.8kb BRCA1 mRNA were 
detectable when cells were grown in the presence of tetracycline, and drug withdrawal led to induction of the 
expected 5 6kb transfected BRCAI transcript. A number of smaller mRNA species were also observed, presumably 
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against the C-terminus of BRCA1, followed by 'mmunoHcrtnfl i using a ™gg y c £^t ta0 generated with inducible 
tag, identified only the expected 220kD full length BRCA1 I (Fig^ ^-^^^go^n site of breast cancer- 
expression of a mutant BRCA1 a stop ^ " e oajWjonl la ^ exp th 
=^an» immunoprecipKation wth the N- 

terminal antibody D-20, followed by Western analysis ^ 1 2^ (F * 1 ^ - ^gd against the N-terminus of BRCA1 
[0127] We used immunofluorescence ^i^wrth antob ody MS 13 'J^**™^^ prot ein within 
Scully et al., 1996), to compare expression ^M^^^^SD^^Jg^^flg * although some cytoplasmic staining 
ndividual cells (Fig. 1 C). Nuclear expression of n * u ^ obtained with antibody 

was also observed in a few cells expressing very h.g ^^.^^^^SJnducible cell lines, was evident 
12-CA-5 (data not shown). Cellular heterogeneity, a ^^J^Z^SmOad as 2-10 fold that of the 
following wrthdrawal of tetracycline, with therange of ^^JS^ti!T^nm^ \ntb^ BR^ 
endogenous protein. This relatively modest protein in t duc ] on ^° m f" ;™ tra n S fected transcript It was of interest 
mRNA (Fig. \A) is consistent w^ in 'tetracycline, desprte 

J^^-^SS^ SS3ST! pS Sp*. - U suppression (Cedar. 1988), 
presumably for the heterogeneity of BRCA1 expression in these cells. 



EXPERIMENTAL PROCEDURES: 
Generation of cells with inducible BRCA1 expression 



[0128, A fu.l .ength BRCA1 construct was -sembfcdjjjm ^cDJ**n«. J^TpSS 
library, confirmed as wild-type by sequencing he ent coding "^^^^^^brm construct 
downstream of the tetracycline-regulated promoter h £™ J r 3 H 1.259) and encoding a truncated 

was generated by PCR, causing premature to™"* 0 "^?^ 

protein of 50kD. An U20S osteosarcoma founder cell ^^^^SS^togSi^ stably transfected clones: 
(200-fold induction of a transiently transfected reporter construct _was usea » CO m P arable expression the 

UBR60, with tightly regulated inducible ex pressiorv of wid-type BRCAJj^J "JBR Sunder cell line, MDA47, with 200- 
mutant construct. The breast cancer cell >neMDA435 was "^^^J^JJ de rived the MBR62 cell line wrth 
fold induction of a transiently transfected reporter ^^J^^T^A sUo reagent (Tel-test Inc.), 
inducible wild-type BRCA1. Total cellu ar RNA was ^oteted ^|"| f t ^ ^J^nd ^ (Amersham) and northern 
and electrophoresed in 1% agarose/formaldehyde gels ■ f °'^ ed ^ ^J^^ 0 2° minima expression of the native 
blotting. Endogenous BRCA1 was expressed at low levels nr both eel lines «m Mn / { a| 1997) 

BRCA1-D11 alternative splice variant lacking he large cent al exon 1 ^h a ^e^.^ wnjch were mappe d 
In addition to the full length inducible BRCA1 transcript, sma ' le ' J°°™ ' by analysis of poly A- 

using cDNA probes interspersed along the coding ^ion a d e,^ 

selected RNA. A polyadenylated transenpt <*^™*««%« ^^Je transcripte pfesumabry resulted from the 

S^p*^^ ^ proteins detectab,e using 

growth in tetracycline were treated with 2mg/ml 5-azaC Sigma) for 24 1 nrs y ^ ^ ^ ^ 

followed by withdrawal of tetrac :yclme ^^^^^^SLd^aOie transfection of UBR60 cells along 
constitutive expression of CMV-dnven bcl2 or l^JJf^'l^^ofthe CMV-driven dominant negative SEK1 
with a hygromycin-resistance plasm.d. D y coYansfection with XGPT and selection 

mutant (kindly provided by L. Zon, Ha ^i^ ri J^^£^ analyzed to ensure against the effects of 
in HAT. Multiple clones expressing the stably transf ^ ""J™^,,*^ cel | S were treated with the synthetic, 
clonal selection. To inhibrt caspases required for Coton)/ formatio n was assayed by 

ScWJSStra ttJttSfr*** * cuKure. For growth curves, viab,e ce„ S were 



counted using staining with methylene blue. 
Antibodies and immunological analyses 



sac ^s»sri p o'»:s she » D2 o <s,™* M «-« * 
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* analys* u* an...* Z»^j!!^i2^JZ^ S£2S 

tha'presence .f 32P-9ATP T » *™«f /ft "m e „?of cl 1" Sm2 ofuv-B. the peak of JNK/SAPK 
cells grown in the presence of tetracycline 1 hr «fter_ »™"™ ™ d { u20s ^ sable expression of a 
acttafcn by U v-irradiaSon. As a control Hion ofthe MAP kinase pathway was analyTed by 

temperature.sens»vep53(Kp53) by growth a Jlf^? mcTp44 MAP kinase (Erk1 and Erk2) and the 

^^s»ir^^zsA^^^ < - En * nd 

SS? F« Immunofluorescence ce»e were ^J^J2J^!2t2!2& 

STSE?: A^S^r^^eS^rF'AOScan » cytomete, A, leas, 20,000 c* were 

analyzed for each sample. 

EXAMPLE 2 Induction of apoptosis by BRCA1 

I0 132] To determine the effect of BRCA1 indu^on in 

colonies in the presence or absence <* tet^n^A. fWdjjJgoj h a d 3 a very modest effect on colony 
induction of BRCA1 (Fig. 2A). In c ° n *f^'^^^ 

formation in UBR60-mt cells, expressing ^'JJ *^*S5 have mutant endogenous P 53 (G to E at codon 226), 
also evident in the MBR62 breast cancer <£^^|^ * J^JM). To confirm that P 53, a tumor suppressor 
in contrast to U20S cells, in which P 53 » wild-type ^ sjn et |i ^ ) ^ r ^ me6 f ^ 

known to trigger apoptosis in response to "ggj^g^ tjSSSo Sate vwlth human papillomavirus (HPV16) E6, 

wKW^ 

lajSSS: inSd%MaS S the same exient as in parental UBR60 ce„, 
indicating that this effect was independent of p53(Rg_2A)_ tetracycline, we observed that expression 

[0133] In examining cells at early time points following ^"^JSgrJ,^ was firet detectable in both 
of the induced BRCA1 transcript was unexpectedly »^ by 96 hrs (Fig. 2B) 

UBR60 and MBR62 cells at 6 hrs, peaked at 24 hrs and dec inea lovin u«™y Jh observa tions raised 

ln B c?nUuBR60-mt cells showed P e^ overgrowth by cells 

the possibility that cells expressing wild-type BRCAl ! ""3^ ^ expe cted this effect was independent of 
that had lost inducible expression thrpug ' ^^J^^Sffi 2B) and n UBR60-E6 cells, with constitutive 
p53, occurring both in MBR62 cells wrth mutant endogenous P 53^ h g ^> , of detectab ,e BRCA1 expression 
exp ession of HPV16 E6 (data not shown). To detomu ™ ^^J^^ ce || s with a CMV-driven construct 
resulted from apoptosis of BRCAI-expressing cejs we stabry tjansfectea t constitutive expression 

encoding the anti-apoptotic gene bcl2 (the resulting ceHs ; were caiiea " B «° u ■ « To confirm that inhibition of 
of bcl2 prevented the loss of ^^^^^So *S we also incubated these cells with caspase 
apoptosis allowed sustained expression 0 BRCAl 1 ' r ^°" c d ens ' ,r e deatn (T hornberry and Lazebnik, 1998). 
fnhibtors, which effectively block the mifcaton of to ^ - c^ ^ anal °9 s of C3Spa f 
Consistent with the effect of bc!2, exposure of ^j9^^^^Lm \M\ persistent expression for up to 
CPP32 known to inhibit apoptosis also prevented the loss of ^.^^ eventually overwhelmed the protective 

^^^^sr^^^^ * — — express,on of 

IrCA1 (Fig 2C), made it possible to search for downstream targets of BRCA1 . 
EXAMPLE 3. Activation of JNK/SAPK by BRCA1 
l0134] .nduc ti onofapoptosisinUBR60^ 

BRCA1. No changes were observer I ir .the '^^^gSS S£S?SmiJ of JNK/SAPK was evident 
of the bcl2 family, bax, bclx and bad (data not •J™>J , ed t0 increase d kinase activity of endogenous 
following induction of BRCA1 expression (F g. 3A). nd"ctjon , or bw-ai mm m of JNK/SAPK (Fig. 3A). 
JNK/SAPK, comparable to that obse^^ following the triggering of 

To confirm that activation of JNK/SAPK in U20S cens i was noi » ure -sensitive p53 allele tsp53), which 

K£%pTc?S« 
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tyrosine phosphorylation of ^ ^ ^ <^ jnmsAPK was^equired for BRCA1 -mediated apoptosis, we stably 
[0135] To determine whether activation of JNWSAPK "f?'^™™^ upstream regulator of JNK/SAPK 
transfected UBR60-bcl2 cells with £ . dominant 995) The resSing cells were called UBR60- 

family members (Sanchez et al., . 1 ^^^J^^S2sEM mutant Sas demonstrated by northern blotting (Fig 
bcl2-dnSEK. Constitutive express on of the d "^ n h e ^. v f d ^ n a| 7o the parental UBR60-bcl2 cells in the presence 
4B), and UBR60-bcl2-dnSEK cells displayed a growth rate identical to tne ^paren* proliferation. 

of tetracycline (Fig 4A) indicating ^J^^\X^SSS^ negative SEK1 (Fig 4B> 

SJ2&«. ^ f rJSr - te tri99er apoptosis (R9 4A) - Disruphon 

JNK/SAPK signaling therefore antagonizes BRCA1 -mediated cell death. 
EXAMPLE 4 Induction of a cellular senescence phenotype by BRCA1. 

cells slowly and synchronously progressed to S phase (48 hrs) and on to wjl > ^ Qf ljn . 
demonstrate a prominent G2/M arrest in ^»X?tKiSSS of cell cycle progression was 

dependent kinases (van den Heuvel »J o H n a ^!^^^ (p53 and p21) or the G2/M 

not accompanied by increased expresson of genes assorted wn .me ^ h proliferation defect induced 

checkpoint (14-3-36; Hermeking et al 199 ^^^S£^Sd suSression of BRCA1 expression. Cells expressing 

by BRCA1 was not reversible by readdrtion of tetracycline and suppress.on oT p ^ rf 

BRCA1 for 48 hrs failed to generate , colonies upon ' ^^J*™^^ revealed the presence of 

the expression of the gene itself (data not J^^™"*^™ iu2T Staining of BRCA1 -expressing cells for 
large cells, with abundant cytopasm and multiple ^^^ n S C Xrl et al., 1995), was widely positive (Fig 
endogenous b-galactosidase activity, a marke ^for cellular ^nescence (D.mr, demonstrate an irre versible 

~ Du,ic - 1995) - 

EXAMPLE 5. Gene expression profiling to identify BRCA1 targets 

[0137] A potential role for BRCA1 in transcriptional regulation ^a ^^^J^ZS^ 
transaction of transiently transfected reporter cons tec s Chapman .and Vemj^MJ M ^ ^ £ 
Hanafusa, 1996; Somasundaram et al.. ^^^^SJ and the transcriptional repression cefaclor 
with both RNA helicase (Scully et al 1997a * W definitively regulated by BRCA1 remain unknown. 

CtIP (Yu et al., 1998). However, target 9*"^^ following inducible expression 

Therefore, we searched for endogenous j genes '^"•^^^^ 6 m g and 24 hrs following BRCA1 induction, 
of BRCA1. Messenger RNA was isolated from U^JcE^ b. transcripts and 

biotinylated, and hybridized to high densrty ^f^, ^ 

expressed sequence tags (Lockhart J a ^96. Wojck^ ■ i^'Jo difltererrt time points following BRCA1 induction, 
target if is was progressively induced or rep essec I . i at " eas ^° reproducible expression changes from those 
and it exhibited an express.on changes of at ^^™^ n e flU *J ( J2S a B RCA1 targets were used to screen 
due to random biological variation ^ i Z^?S^SaSbi Sowing BRCA1 induction, 
northern blots containing total RNA derive I from M»eM^ raiovjno jn g and 

[0138] Potential BRCA1 targets '^ed by ar ray hybnd^ation expenme ^ 
representee signals are shown in F.gure ^ BRCA1 ™ R "J^^^ C WotB . Twenty three genes and ESTs 
estimate consistent with that observed by ^^^^^^^^ hybrkfeation were confirmed as 
identified as having increased expression foj™ng. BRCA1 in* ^|™ on ^ ^ ^ were induced by a t least 10- 
demonstrating at least 2-fold induction »"^ a ffiWj$Z frnmediate eariy gene Early Growth Response 1 
fold: the DNA damage-inducible gene GADD45 J^^ a .^^ m a m smaD nurnber of potential targets that were 
(EGR1) (10-fold). Oligonucleotide array hybndEatior i also ™ ^ since tne j r baseline 

repressed following BRCA1 changes of possible interest were in the genes Ki-67 

expression levels were below detection, However, ^f^^™^ 8 .^ These genes have been previously 
(12-fold repression) and prothymoan a ( 4 ; fo ' d J a e P r % s '°"; ^ expression in this tumor has been inversely 
implicated as possible prognostic markers in ' b ;. ea ^^ nc ^ on a ko ; D Kl e t 7 ,,^8 jarvis et al., 1998); although not 
correlated with that of BRCA1 (Tsitsilom et al., 1993, Honkoop « ai, iwo, ^ Qther ^ 

detectable by northern blotting in U20S ceHs ^^^^£S^^S^Q^ and EGR1 as 
types. In summary, of 6,800 genes and ESTs f &x ^^l^^^^\ Mn , BRCAI induction (Fig 6). We 

these cells. 

EXPERIMENTAL PROCEDURES: Oligonucleotide Array-based Expression Profiling 
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[0139] Messenger RNA was isolated from UBR60-bcl2 cells at 6 12 and 2; n,„ 'J^J^^S^ 
RNA was amplified, labeled, and hybridizec 1 tc > °' ^ c ^ of the 

al., 1997). Each RNA sample was hybndized to ^^^^^^^eiion analysis (Lockhart ot al., 1996; 

EXAMPLE 6. Induction of GADD45 by BRCA1 

[0140] GADD45 encodes a stress- and DMA «!«>™^g»^ MEM £ 

following uv-irradiation and recently found to ^^^^rS iS^^X^S^G^OAS mRNA was 
known as MAPKKK and MTK) (Fornace et al 1 ^ ™^ ™ d _ %^^e SSdrawal (Fig 6C). Previous 
virtually coincident with BRCA1 expression, detectable v.thm ^ 3 h» of ^^^° d d l n ^ w ^ iha t^ 
studies have demonstrated two distant* pathways of GA^DD45 inducton^ ^Jt^tedby treatment with uv irradiation or 
triggered by IR (Kastan et al I. 1992). an ^£Sd^ and Medium staiV ation) 

alkylating agents (so-called MUM stresses for Me^ ^ n BRCA1 in U20S 

(Fornace et al., 1989; Hollander et al., 1993, Zhan et Q ) (R 7A) To det ermine whether 

cells was comparable to that induced by induction 5 GADD45%R60-bcl2 cells were stably 

presence of endogenous p53 was required for BR^^^^^S^nof endogenous P 53 in these cells 
transfected with HPV16 E6 (resulting celte ^e cahed UBR60 ™J™ n ^ and rJ RC A1 induce expression 

^GADD^S B and A B^ ^ * p53 h ^ 

SoThas raise" t paradoxica. observations that £ ^rler! 

1997; Ludwig et al., 1997), while transient transfecton ^^{^Jjjj^ S al 1997; Ouichi et al., 1998; 

was observed by normem Wot analyas. nor were pS3 » p2 ' ^^.J^Sim, were els? unaffected by 
S3? "'SSSSS* - «h. most high* M«d BRCA1 « T «en« y*-.. 

Us' • -o„d transcript who* ; -p™«» Sffl^^S^^^ 

!»fflS responsive 
pentswith,^ of BR^I w^yden^ 

Sownltream p^ays thJ are likely to contribute £ ^-rSTlS^S 
expression in osteosarcoma and in breast cancer ."^^"^^^jjtive mutant of SEK1, known to 
of the JNK/SAPK stress response pathway, and . ]*£^^J^^ n S^ZToe n es otiose expression is 
inhibit JNK/SAPK signaling. Screening of oligonucleotide arrays to searc i tor ^ a °9 e "°f d ^ wnstream ^get gene for 
regulated by BRCA1 identified the DMA damage-responsive fl^e GADD45aa d J^™ 8 ^, r 9 epor t ed that 

BRCA1. Of particular interest, while this ™nuscnpt ^in 
GADD45 directiy interacts with the upstream regulator of JNK/SAPK 

signaling and apoptosis. Taken togjh^ J M 
apoptosis through the induction of GADD4& These rune P££™ < DNA damage and previously implicated in 

This effect Is so prompt thai t BRCA1 expression •<'*"*'•, ^ *J STwn^nducible promote, has 

whereupon ceB expressing BRCA1 are lost from the .cute and I Waceo I v«t no ^, lk . a „„ tt 
been sienced mrough hypermethylaton The » «- as «s delay by 

:rm»s«^ 

triggered by uv-trradiatior,. osmoto stress and ^ftffi „„ , 99 „; Minder, et al., 
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rs^T* 3 ; sir ssrf xFJ^s^^i sssss i 

al., 1997; Fischer etal 1997; Goillol .et al 1997). comparable to that observed following uv-irradiation, the 

2£L of « BRCT domain when fused to . h««og£ ^ *f^|SX^C^S*S 
on promotel reported in "nslentW^on as^ (Chapman and vetrna s ™' "2"™°^" stations 
19S6; Somasundaram et al.. 1997; Ou«h, , et al., 1998 Zhang « al. » w ^, d a J s ™ £ a l , 1998), and the 

»*h RNA l^caae, me RNA ^ o, In 

S ^"^Tln^S^ *gSS45 will therefore require identffication of this potenta, 

claims are entitled. 
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Claims 

1. A method for detecting a BRCA1 gene functional mutation in target cells comprising the steps of: 

detecting expression of a plurality of down-stream genes of BRCA1 in a sample of (a) target cells and (b) 
reference cells having a wild-type BRCA1 gene, the reference cells being otherwise substantially similar to 
the target cells, the down-stream genes being up- or down-regulated by the wild-type BRCA1 gene; and 

comparing the expression of the down-stream genes in the target cells and the reference cells wherein a 
difference in the expression between the target cells and reference cells suggests a BRCA1 functional 
mutation in the target cells. 

2 The method of claim 1, wherein said down-stream genes are transcriptionally regulated by said wild-type BRCA1 
gene and the expression of said down-stream genes is detected by measuring amounts of transcripts of said down- 
stream genes in said reference and target cells. 

3. The method of claim 2, wherein said amounts of transcripts are measured with high density nucleic acid array. 

4. The method of claim 1 , wherein said down-stream genes comprise at least one BRCA1 up-regulated gene ^ selected 
from the group consisting of gadd45, histone H4, EGR1, ATF3, Jun-B, Rev-Erb a, Etr101, A20, tnstetraprohne 
(Tjp\ Gem GTPase Br140, R12810, PM-sc175, ARD1, hepatic leukemia factor, amphiregulin, TR3 orphan 
receptor (NAK1), fibroblast activating protein-a, I LA receptor a, R41997, H81220, KIAAA0027. and Nucleotide 

binding protein. 

5. The method of claim 1 wherein said down-stream genes comprise at least one BRCA1 down-regulated gene 
selected from the group consisting of Pim-1, Pigf, and GF14Q. 

6. The method of claim 1 wherein said down-stream genes comprise at least one BRCA1 down-regulated gene 
selected from the group consisting of Mki67a and prothymosin-cc. 

7. The method of claim 1 further comprising the step of: . DDrA , , in 
indicating a loss of function mutation in the BRCA1 gene in the target cells if the expression of said BRCA1 up- 
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regulated genes is at least two times less in said target cells than in referen c e ce,fe «^ «£"■«. 
of said BRCA1 down-regulated genes is at least two times more in said target cells than in said reference cells. 

8. An in-cell functional assay for a BRCA1 sequence alteration comprising the steps of: 

detectina expression of a plurality of BRCA1 down-stream genes in a target sample from target cells having a 
BRCA sSSenS ^alteration and in a reference sample from reference cells having a wild-type BRCA1 gene 
S ^rSTSS otherwise substantially similar to said target ce.ls. said down-stream genes 
being up- or down-regulated by said wild-type BRCA1 gene; and 

the biological function of BRCA1 . 

stream genes in said reference and target cells. 

10. The method of claim 9, wherein said amounts of transcripts are measured wrth a high density nucleic acid array. 

11. The method of claim 8 wherein said down-stream genes > comprise at least one J™ 

orphan receptor (NAK1), fibroblast activating protein-cc, IL4 receptor a, R41997, HBi^u, mammuuz , 
Nucleotide binding protein. 

12 The method of claim 8 wherein said down-stream genes comprise at least one BRCA1 down-regulated gene 
selected from the group consisting of Pim-1, Pigf, and GF14Q. 

13 The method of claim 8 wherein said down-stream genes comprise at least one BRCA1 down-regulated gene 
selected from the group consisting of Mki67a and prothymosin-a. 

™^^J^r%£^J£S£* • *~ °< <**■«» ™-» « *• tt=: ? 

reference cells. 

15. A method for detecting a mutation in a target BRCA1 gene using a computer comprising: 

inputting wild-type expression data of a plurality of down-stream genes in a wild-type ■ ^mple cont™^ 
wild-type BRCA1 gene, said down-stream genes being transcriptionally regulated by said wild-type BRCA1 
gene; 

inputting target expression data of said plurality of down-stream genes in a target sample containing said 
target BRCA1 gene; 

comparing the target and wild-type expression data to determine differences, wherein differences suggest a 
mutation in said target BRCA1 gene. 

16. The method of claim 15 wherein said down-stream genes comprise at least one BRCA1 unregulated gene 
selected from the group consisting of gadd45, histone H4, EGR1, ATF3, Jun-b, «ev tro a cu i u , 
SSaprS (TTP) 9 Gem GTPase, Bh40, R12810, PM-scl75. ARD1 "kiMAOoS and 
orphan receptor (NIAK1), fibroblast activating protem-a, IL4 receptor a, R41997, H81220, KIAAAUU2/ , 
Nucleotide binding protein. 

17. The method of claim 15 wherein said down-stream genes comprise at least one BRCA1 down-regulated gene 
selected from the group consisting of Pim-1 , Pigf, and GF14Q. 

18 The method of claim 15 wherein said down-stream genes comprise at least one BRCA1 down-regulated gene 
selected from the group consisting of Mki67a and prothymosin-a. 

,S - ^^fSXXSZZgfiSSSZZ I exp— o, BRCA1 up,^ k « 
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least two times less in said target cells than in said reference cells or if the expression of said BRCA1 down- 
regulated genes is at least two times more in said target cells than in said reference cells. 

20. A method of diagnosing neoplasia of a test cell comprising: 

hybridizing a transcription indicator of a test cell to a set of nucleic acid probes, wherein the 
transcSon Indicator is selected from the group consisting of mRNA, cDNA and cRN* wherein the , s et of 
nucleic acid probes comprises a plurality of nucleic acid molecules each of which .s a porton of a gene 
which is activated by or repressed by BRCA1 ; 

detecting amounts of transcription indicator which hybridize to each of said set of nucleic acid probes; 

identifying a test cell as neoplastic if (1) hybridization of the transcription indicator of the test cc ill 
to a probe which is a BRCAI-activated gene is lower than hybridation using a transcript, on indica tor from 
a normal cell, or (2) hybridization of the transcription indicator of the test cell to a probe which a BRCA1- 
repressed gene is higher than hybridization using a transcription indicator from a normal cell. 

21 . The method of claim 20 wherein the test cell is a breast cell. 

22. The method of claim 20 wherein at least 4 of said probes comprise portions of genes which are BRCAI-activated 
or BRCA1 -repressed. 

23. The method of claim 20 wherein at least 1 0 of said probes comprise portions of genes which are BRCAI-activated 
or BRCA1-repressed. 

24. The method of claim 20 wherein at least 1 5 of said probes comprise portions of genes which are BRCAI-activated 
or BRCA1-repressed. 

25. The method of claim 20 wherein the nucleic acid probes are attached to a solid support. 

26. The method of claim 20 wherein the nucleic acid probes are arranged in an array. 

27. The method of claim 26 wherein the array comprises nucleic acid probes which are portions of at least 250 
different genes. 

28. The method of claim 26 wherein the array comprises nucleic acid probes which are portions of at least 6000 
different genes. 

29 The method of claim 20 wherein said down-stream genes comprise at least one BRCA1 ' "P-^'f ed gene 
selected from the group consisting of gadd45, histone H4, EGR1, ATF3, Jun-B, Rev-Erb a, EtrlO 1 A20, 
SSraprSine (ITTP), Gem GTPase 9 Br140, R12810 PM-sc|75, ARD1 hepatic factor «g«g$ ™J 

orphan receptor (NAK1), fibroblast activating protein-a, IL4 receptor oc, R41997, H81220, naaauu^, ana 
Nucleotide binding protein. 

30. The method of claim 20 wherein said down-stream genes comprise at least one BRCA1 down-regulated gene 
selected from the group consisting of Pim-1 , Pigf, and GF14Q. 

31. The method of claim 20 wherein said down-stream genes comprise at least one BRCA1 down-regulated gene 
selected from the group consisting of Mki67a and prothymosin-a. 

32 The method of claim 20 further comprising the step of: ». • „» r.*i\ 

determining the sequence of BRCA1 genes in the test cell to determine the BRCA1 genotypic status of the cell. 

33. The method of claim 20 wherein a test cell is identified as neoplastic if hybridization is at least 2-fold 
different between compared samples. 

34. The method of claim 20 wherein a test cell is identified as neoplastic if hybridization is at least 3-fold 
different between compared samples. 

35. The method of claim 20 wherein a test cell is identified as neoplastic if hybridization is at least 5-fold 
different between compared samples. 

36. The method of claim 20 wherein a test cell is identified as neoplastic if hybridization is at least 10-fold 
different between compared samples. 
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37. A method of identifying anti-cancer drugs, comprising the step of. 

contacting a test compound with a human cell; 

monitoring expression of a plurality of BRCA1 -downstream genes; 

identifying a test compound as a potential anti-cancer drug if it increases expression of a BRCA1 up- 
regulated gene or decreases expression of a BRCA1 down-regulated gene in the human cell. 

38. The method of claim 37 wherein the cell is a breast cancer cell. 

39. The method of claim 37 wherein the cell is a tumor cell. 

40. The method of claim 37 wherein the cell contains no wild-type BRCA1 genes. 

41 The method of claim 37, wherein the expression of said BRCA1 up-regulated and down-regulated genes is 
' detected by measuring amounts of transcripts of said genes in said cell. 

42. The method of claim 41, wherein said amounts of transcripts are measured using a high density nucleic acid array. 

43. The method of claim 37 wherein said downstream genes comprise at least one BRCA1 1 up-regulated gene 
selected from the group ^^^^^^MK A^1 heS^euTemia factor, amphiregulin, TR3, 

tssrsisx «■ R41 " 7 - H81220 ' K|AAA0027 ' and 

Nucleotide binding protein. 

44 The method of claim 37 wherein said down-stream genes comprise at least one BRCA 1 down-regulated gene 
selected from the group consisting of Pim-1, Pigf, and GF14Q. 

45 The method of claim 37 wherein said down-stream genes comprise at least one BRCA1 down-regulated gene 
' selected from the group consisting of Mki67a and prothymosm-a. 

46 A method for detecting a BRCA1 gene functional mutation in target cells comprising the steps of: 

KAdSJK«im genebeing selected from ' »• fl^^B^^i?^'^'^ 

Jun-B, Rev-Erb«, Etrl 01 A20, a, 
SSSSSKS Pigf. GF14* MK67a and prothymosin-a; 
and 

mutation in the target cells. 

47 An in-cell fractional assay for a BRCA1 sequence alteration comprising the steps of: 

substantially similar to said target cells; and 

the biological function of BRCA1 . 

48. A method for detecting a mutation in a target BRCA1 gene using a computer comprising: 

inputting wild-type expression data of a down-stream gene in a wild-type sample containing a wild-type BRCA1 
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gene, said down-stream gene being transcriptionally regulatec I by ^said wild-type BRCA1 A™. ^ d ££ 
itrnm nene beina selected from the group cons sting of gadd45, histone H4, EGR1, ATF3, Jun-B, Rev- 
E^IKoifS.SSS™!!; (TTP), Gem GTPase, Br140, R12810, SlS? 
factor amphiregulin, TR3, orphan receptor (NAK1), fibroblast activating protein-a, L4 receptor a, R41997, 
H81220 KIAAA0027, Nucleotide binding protein, Pim-1, Pigf, GF14Q, Mla67a and prothymosin-a, 

inputting target expression data of said down-stream gene in a target sample containing said target BRCA1 
gene; 

comparing the target and wild-type expresssion data to determine differences, wherein differences suggest a 
mutation in said target BRCA1 gene. 

49. A method of diagnosing neoplasia of a test cell comprising: 

hybridizing a transcription indicator of a test cell to a nucleic acid probe, wherein the transcription 
indicator is selected from the group consisting of mRNA, cDNA and cRNA, wherein the i nucleic _ ac d probe 
comprises a portion of a gene which is activated by or repressed by BRCA1 , said gene being selected from the 
gZp SnslsKg of gadd45, histone H4, EGR1, ATF3, Jun-B, Rev-Erb a. EtrlOl, A20, tnstetraproline (TTP), 
Gem GTPase Br140 R12810, PM-scl75, ARD1, hepatic leukemia factor, amphiregulin, TR3 orphan receptor 
?NAK?) fibroblast activating protein-a, IL4 receptor a, R41997, H81220, KIAAA0027, Nucleotide binding 
protein, Pim-1, Pigf, GF14Q, Mki67a and prothymosin-a; 

detecting amounts of transcription indicator which hybridize to said nucleic acid probe; 

identifying a test cell as neoplastic if (I) hybridization of the transcription indicator of the test cell 
to a probe from a BRCA1 -activated gene is lower than hybridization ^^^^^^^ 
normal cell, or (2) hybridization of the transcription mdicator of the test cell to a probe of a BRCA1 -repressed 
gene is higher than hybridization using a transcription indicator from a normal cell. 

50. A method of identifying anti-cancer drugs, comprising the step of: 

contacting a test compound with a human cell; 

mentoring expression of a BRCA1 -downstream gene selected from the group consisting of ^^ 5 . h ^" e 
H4 EGR1 ATF3 Jun-B Rev-Erb a Etr101, A20, tristetraproline (TTP), Gem GTPase, Br140, R12810 PM- 
s^75 ARD^ hepatic teukemia factor, amphiregulin, TR3, orphan receptor (NAK1 ), fibroblast activating 
protein-a, IL4 receptor a, R41997, H81220, KIAAA0027, Nucleotide bmd.ng protein, Pim-1, Pigf, GF14Q, 
Mki67a and prothymosin-a; 

identifying a test compound as a potential anti-cancer drug if it increases expression of a BRCA1 up- 
regulated gene or decreases expression of a BRCA1 down-regulated gene in the human cell. 

51. A method of diagnosing neoplasia of a test cell comprising: 

detecting expression in a test cell of a plurality of genes which are activated by or repressed by BRCA1; 

identifying a test cell as neoplastic if (1) expression of at least one of said BRCA1-activated I genes is 
lower in the test cell than expression in a normal cell, or (2) expression of at least one of said BRCA1- 
repressed genes is higher than expression in a normal cell. 

52. A method of diagnosing neoplasia of a test cell comprising: 

detecting expression in a test cell of a gene which is activated by or repressed by BRCA1, wherein the gene 
is selected from the group consisting of gadd45, histone H4, EGR1 , ATF3, Jun-B, Rev-Erb a. EtrlOl , A20, 

tristetraproline (TTP), Gem GTPase, Br140, R12810, PM-scl75 ARD1, he P atic J^£^ 

TR3 orphan receptor (NAK1), fibroblast activating protein-a, IL4 receptor a, R41997, H81220, KIAAA0027, 

Nucleotide binding protein, Pim-1, Pigf, GF14Q, Mki67a and prothymosin-a; 

identifying a test cell as neoplastic if (1) expression of a BRCA1 -activated gene in the test cell is lower 
than expression of the gene in a normal cell, or (2) expression of a BRCA1 -repressed gene in the test cell 
is higher than expression in a normal cell. 
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53. The method of claim 51 wherein expression is detected immunologically. 

54. The method of claim 52 wherein expression is detected immunologically. 
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